Aim: To describe prevalence, management and factors determining outcomes in patients presenting with gunshot abdominal injuries. Method: We retrospectively analysed all cases of gunshot to the abdomen received at Kenyatta National Hospital from October 2013 to October 2017. Patients' demographic and clinical data were collected from their case notes. Data analysis used Fisher's exact test and binary logistic regression. A p-value of <0.05 was considered statistically significant. Results: A total of 1,588 records of patients with abdominal injuries were analysed. Of these, 209(15.3%) were cases of gunshot to the abdomen. The mean age was 31.5 years; male to female ratio was 8:1. Exploratory laparotomy was the preferred management in 161(77%) patients, selective nonoperative management in 11(5.3). Negative laparotomy rate was 8.7%, inpatient mortality 20% and complication rate 26%. Age, time from injury to admission, assisted breathing on admission, need for transfusion, and number of complications independently predicted mortality. Conclusion: Gunshot abdominal injuries are commonly encountered at our setting and these are associated with significant mortality and development of complications. With careful selection, some patients can be successfully managed non-operatively.
Introduction
Injuries caused by violence and accidents constitute the second most common cause of mortality worldwide (1) . These injuries are a public health challenge especially in resource-limited settings. The abdomen is one of the most commonly injured part of the body; approximately 90% of the mortality related to penetrating abdominal injuries are attributable to gunshot wounds (2) . Gunshot abdominal injuries (GAI) are potentially fatal due to the risk of hemorrhage and visceral injury. Traditionally, laparotomy has been mandatory to manage all abdominal gunshot wounds. As much as this is effective in identifying and managing all possible injuries, mandatory laparotomy has been shown to have a complication rate of 15-50% with a prolonged hospital stay (3) . With advancements in imaging techniques and increased understanding of possible extent of injury, there has been a shift towards selective non-operative management (4) . Initial evaluation of the patient presenting with an abdominal gunshot wound is therefore critical in deciding the management options for the patient. To the best of our knowledge, no studies in our setting have specifically addressed gunshot injuries to the abdomen. In this study, we sought to describe the prevalence, management and factors determining outcomes of gunshot abdominal injuries in our setting.
Materials and Methods
In this retrospective study, we analyzed all cases of gunshot to the abdomen received at the Kenyatta National Hospital-Kenya's largest referral hospital and the seat of medical and surgical training-from October 2013 to October 2017. The accident and emergency unit receives approximately 250 to 300 patients a day most of whom are trauma patients. The team within the trauma bay comprises experts in triaging, resuscitation, medical examination and assessment, and referral to appropriate firms for definitive management. This study was approved by the University of Nairobi/KNH Ethics and Research Committee (Protocol number: P233/05/2017). Our data collection tool was designed to capture data on the following variables: site of abdominal injury(ies), number of abdominal organs injured, extent of injury to the organs injured, extra-abdominal associated injuries, treatment approach, length of hospitalization, and treatment outcome. Medical records of patients with abdominal injuries not due to gunshot and those that did not contain all the information as per our data collection tool were excluded. Figure 1 summarizes the management protocol for our study setting. We defined superficial abdominal injuries as those with no evidence of peritoneal breach either on physical examination or by imaging. Injury severity was quantified using the injury severity score (ISS) and penetrating abdominal trauma index (PATI) score (5) . We defined poor outcome as death or development of complication either related to the injury, its management or both. These complications included intra-abdominal bleeding, abdominal compartment syndrome, anastomotic leak, abdominal abscess, surgical site infection, septic shock, deep venous thrombosis, pulmonary embolism and urinary tract infection. The anterior abdomen is defined as the area between the xiphoid and costal margins superiorly, the pubic symphysis and the inguinal ligaments inferiorly, and the midaxillary lines posteriorly. Laparotomy was negative when no injuries to abdominal organs were found. Data was keyed into SPSS version 22 for analysis. Descriptive statistics such as means, medians and percentages were used in data analysis. Fisher's exact test was used to establish associations between independent variables and outcomes. Binary logistic regression analysis was performed using a forward stepwise selection method based on likelihood ratios. A p-value of <0.05 was considered significant.
Results
Out of 1,588 patients with abdominal injuries requiring admission, gunshots were responsible for 15.3% (209) of cases-186 males and 23 females-, giving a male:female ratio of 8:1. Most patients-139 (66.5%)were in the second and third decades of life. The mean age was 32 years +/-10.7. At the time of presentation, 139(66.5%) were hemodynamically normal. Of the hemodynamically abnormal patients, 19(9%) had signs of hypovolemic shock (SBP ≤100mmHg and pulse ≥100 beats/min). Hemodynamically abnormal patients were significantly more likely to develop complications (p=0.001) and die (p=0.025) than hemodynamically normal patients. About one-half of the population (54%) needed transfusion on arrival, with an average of 2 units of blood required per patient. Mean duration from injury to commencement of treatment was 10 hours and ranged from 30 minutes to 121 hours ( Table 1 ). Risk of mortality was directly associated with increasing ISS. Mortalities of 23%, 67% and 100% were recorded for ISS of <25, 26-50, and >50 respectively ( Table 2) . High penetrating abdominal trauma index scores significantly correlated with mortality and likelihood for development of complications (Table 2 ). Most injuries (67%) were localized to the anterior abdomen, with the rest occurring in the thoraco-abdominal region (21%), transpelvic (9%), gluteal (3%) and the back (1%). Diagnostic investigations were performed in 81.3% of patients: of these 42% (71) had FAST, 29% (50) had abdominal CT scan, 26% (44) had plain abdominal x-ray, 2% (4) had DPL and 0.6% (1) had MRI. Laparotomy was the preferred management in 161(77%) patients, selective non-operative management in 11(5%) and surgical debridement for superficial wounds in 33(15.8%). Delayed laparotomy was performed in 2 out of the 11 patients selected for non-operative management. Negative laparotomy rate was 8.7%. Mean number of injured organs per patient was 3 +/-1.37, and the ileum was the most frequently injured organ in 67(18%) patients (Fig. 2 ).
The study population had an overall 26% complication rate; the most frequently encountered complication was intra-abdominal bleeding. Four patients (2%) died on arrival, and inpatient mortality was 20% (42). Median length of hospital stay was 10 days and ranged from 1 to 194 days. Logistic regression analysis showed a significant influence of age, need for transfusion, number of complications, duration from injury to presentation and assisted breathing (on admission) on mortality of patients (χ2(6)=66.04, p=0.001). The model explained 61.3% variance (Nagelkerke) and was able to identify 87% of cases successfully with a sensitivity and specificity of 91.3% and 71.4% respectively.
Discussion
Abdominal injuries constitute a global public health burden and present diagnostic, therapeutic and prognostic challenges to healthcare professionals. These injuries have been described as a disease in evolution (6) . Our main objective was to characterize GAI for their prevalence, pattern, management and outcomes. Similar to other penetrating abdominal injuries, GAI is a predominantly male entity, affecting mostly young adults in their second and third decades of life (7, 8) . Adults in their third decade are in the active occupational age bracket and are more likely to be involved in gun violence by assault (1) . Studies on penetrating abdominal injuries, including those previously done in our setting, reported higher proportions of gunshot to the abdomen than found in our study (8, 9) . These studies were mostly prospective studies with small sample sizes, or studies in which abdominal injuries of different etiologies were considered. The prevalence is likely to be lower if all forms of abdominal injuries are studied as we did in our setting. Musau et al. (7) in his study in the same setting, found a prevalence of 21.3%. This difference could be because of the short duration (1 year) of the study and small sample size (80 patients).
The anterior abdomen was the most frequently injured in our population. This was similarly reported in other studies (10, 11) . Thoraco-abdominal injuries were the second most common (19%) injuries. Salim et al. had a similar proportion (20.1%) in his study that exclusively analyzed gunshots to the abdomen, as in our case (11) . Maha et al. (10) looking at other penetrating abdominal injuries found a lower proportion (8.2%). Back injuries were least common. These were comparatively lower than the 14.5% found by Salim et al. but similar to Maha et al. findings (10, 11) . However variable the site of injury may be from study to study, the anterior abdomen is most frequently injured, and the back is the least injured in gunshots to the abdomen. Increasing duration from injury to commencement of treatment was significantly associated with mortality but did not influence the development of complications in our study. As we have shown, patients with less severe injuries were less likely to develop complications. These patients tend to present to hospital later than those with severe injuries. A smaller proportion of patients in our study had hypovolemic shock (9%) than reported by other studies. Patients with gunshot wounds are more likely to present early, before vital signs start deteriorating (7) . Hemodynamic stability nonetheless does not exclude the need for emergency intervention in this group of patients as instability may develop variably over a few hours. If the decision has been made to avoid emergency laparotomy, the key is close monitoring with serial physical examination (12) . Patients with hemodynamic instability, however, were more likely to develop complications and die than the rest of the population, as similarly reported by Iflazoglu et al. (13) . Hemodynamic status determines the need for investigations in patients with GAI as with other injuries. Patients with hemodynamic instability or frank peritonitis require emergency laparotomy, usually without need for investigations. Stable patients will need investigations and serial monitoring and may even benefit from selective non-operative treatment (12) . The finding that 66.5% of the population in this study were hemodynamically normal but 81.3% had diagnostic investigations may be explained by the presence of readily available investigations in Kenyatta National Hospital or may suggest that a fraction of our patients was overinvestigated. Thus, thorough clinical assessment should form the basis for decision on investigation of patients with abdominal injuries (14) . Diagnostic peritoneal lavage (DPL) and FAST are widely used in other centers. Githaiga and Adwork showed that DPL is an easy-toperform, cheap and reliable assessment tool in patients with (blunt and penetrating) abdominal trauma (15) . However, other centers hold that this investigation plays no role in penetrating trauma, and the place of FAST in penetrating trauma is still unknown. Helical CT has been shown to be superior to FAST in excluding peritoneal penetration in patients with gunshot abdominal injuries (12, 16) . In our study however, more patients had a FAST than CT scan. This is because FAST is relatively affordable. CT scans were mostly performed for patients in whom FAST was inconclusive in deciding on the next step in the management. This is not standard practice and calls for revision of management protocols in our setting. None of our patients had abdominal laparoscopy, because it was unavailable at the time of this study.
As the management of abdominal injuries continues to evolve, routine laparotomy for all penetrating injuries has been dichotomized to involve selective nonoperative management though with variable degrees of success. Management of penetrating abdominal injuries by compulsory laparotomy has been disputed by other studies on grounds that negative laparotomies not only lead to increased cost and prolong hospital stay but also lead to high re-operation rates (17, 18) . Gunshot abdominal injuries have been managed successfully by selective non-operative management with minimal complication rates (11) . We found a low negative laparotomy rate (8.7%) comparable to those in other settings (13, 19) . Musau et al. however had a higher negative laparotomy rate (16.1%) in the same setting (9) . This might be due to the mixed injury population and varied treatment approaches by different surgical firms in his study, but also it might be an indication of improvement in management of patients with abdominal injuries in our setting. Management of gunshot injuries is associated with high complication rates because of severity of injury attributable to missile characteristics (13) . Due to high kinetic energy, explosive bullet particles injure not only the organs they enter but also the surrounding tissues. Furthermore, when bones are involved, broken pieces can injure other organs. Missed injuries are a common cause of postoperative complications (20) . We found a higher complication rate (26%) than previously reported for mixed abdominal injuries (21) . Higher complication rates have been reported in other studies (22) . This difference likely arises from the type of firearms used in different settings. The ileum and colon were the most commonly injured in our study, and these organs have been shown to be the origin of septic complications following abdominal injuries (19) . However, the most frequently encountered complication in our setting was intra-operative and postoperative bleeding, as also reported by Lap et al. (22) . Mortality has been shown to be generally higher with GAI than with other causes of abdominal injuries (19) . Factors that independently predicted mortality in our setting were age, increasing duration from injury to presentation at hospital, assisted breathing on admission, need for transfusion and number of complications. A limitation is that this was a retrospective study and inaccurate entries in patients' case notes could not be verified. Also, we could not classify firearms into high and low velocity categories as these were not consistently documented in case notes.
In conclusion, gunshot to the abdomen is common in our setting. These injuries are associated with significant development of complications and mortality. With careful selection, some patients can be successfully managed non-operatively. We recommend strict adherence to surgical protocols, timely intervention, proper triage and management to avert mortality and morbidity.
